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Even in the case of many small dia/ tubular materials, they can be 
connected to each other precisely and easily. (4pp Dwg.No.0/3) 



A(4-E10, 11-B2E, U-B8C, U-C1B, i2-H2) 




© 1989 DERWENT PUBLICATIONS LTD. 
128, Theobalds Road, London WC1X 8RP ( England 
US Office: Derwent Inc., 1313 Dolley Madison Boulevard, 
Suite 303, McLean, VA22101, USA 
Unauthorised copying of this abstract not permitted. 



©&mnifr'Jkn(*) ¥1-257031 

©Int. CI. 4 WSMEft It^SS#^- ¥J*l¥(1989)10fll3B 
B 29 C 65/42 7365-4 F 

// B 29 K 27:12 

B 29 L 23:00 4F 

3i^|8 4F&mm* m*m<»& 2 (£4jo 

©ft S BS63- 86031 

@£tl m ^63(1988) 4^6 8 

©m w m m m « = ^m^^Tumirs i#2^ e^s^x^tt^ 

aw 



w m m 

■ 2. ft # as * © IB a 

( 1 )& & * © 7 ? ^ 8 fig $M> & # # © 4? a < t 

(2) &&*© 7 /hSStt(t©d?tt < «fc 

^^©^^^Sfig^^^^^^^^L^^ M B /J* 

astt*ra*cii*©rag±*gi^ffi©fl.ft*:fr*- 
* tt E * fi-B L a , lK:n6/hattt 

(*©iii^sfigfi5©^iiEic^«aste.^^f£ 7 y $ 

^flgliJ^^ffiS^Litb, & ^ T ttj gfl * & & J; O* 

L'&z>&i$ntim&-rz>c£ic£K> x in £ & ss * & 



( g^i:©#0^ ) 

aSffilC08*-*4>©-T?*$ o 

( &*©&ffi ) 

* tt « « * © « * £ f 5 38 & g B © m 

L ft ft: & & # ft tl 5 C i 5 0 
<cLT, CfflJ:-5<tft^tea©«ififfii:LTIi, 
tfWW62-215249&«KBtt*nfcB-ffij&< 

£ &©& m is &«£jga 
* * »j - t* K f$ A 

J:a*^*-7*ix 'J 
1 )i A 7 f - ^* - ^ 



«a & n r * o c © 3ff a a % 

L , flu «& j® a £ cf ic-f- * - 

mmtc ± o x * * - t* E * n 

fln & i& a k * * & joi m & * 



-179- 



PTO 00-4159 Japanese Kokai Patent Application 

No. Hei 1 [1989]-257031 



BONDED ARTICLE MADE OF FLUORINE-CONTAINING RESIN AND MANUFACTURING 

METHOD THEREOF 

Kenzo Okada 



UNITED STATES PATENT AND TRADEMARK OFFICE 
WASHINGTON, D.C. OCTOBER 2000 

TRANSLATED BY THE RALPH MCELROY TRANSLATION COMPANY 



1 



JAPANESE PATENT OFFICE 
PATENT JOURNAL (A) 
KOKAI PATENT APPLICATION NO. HEI 1[1989]-257031 



Int. CV: 



Sequence Nos. for Office Use: 

Filing No.: 
Filing Date: 
Publication Date: 
No. of Claims: 
Examination Request: 



B 29 C 65/42 
//B 29 K 27:12 
B 29 L 23:00 
31:18 

7365-4F 

4F 

4F 

Sho 63[1988]-86031 
April 6, 1988 
October 13, 1989 
2 (Total of 4 pages) 
Not filed 



BONDED ARTICLE MADE OF FLUORINE-CONTAINING RESIN AND 
MANUFACTURING METHOD THEREOF 

[Futsso jushi sei setsugo butsuhin oyobi sono seizoho] 



Inventor: 
Applicant: 

[There are no amendments to this patent.] 



Kenzo Okada 

Nitto Electric Industrial Co., Ltd. 



Claims 

1 . A type of bonded article made of a fluorine-containing resin, characterized by the 
following facts: for at least one end portion of multiple small-diameter tubular bodies, a 
medium-diameter tubular body and a large-diameter tubular body are inserted to enclose the 
small-diameter tubular bodies; in said end portion, said small-diameter tubular bodies are bonded 
to each other; the small-diameter tubular bodies and the medium-diameter tubular body are 
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bonded to each other; and the medium-diameter tubular body and the large-diameter tubular 
body are bonded to each other. 

2. A method for manufacturing the bonded article of a fluorine-containing resin, 
characterized by the following facts: for at least one end portion of multiple small-diameter 
tubular bodies, a medium-diameter tubular body and a large-diameter tubular body with thermal 
shrinking property are inserted to enclose the small-diameter tubular bodies; in each of said 
small-diameter tubular bodies, a heat-resistant core having an outer diameter nearly equal to the 
inner diameter of the small-diameter tubular body is arranged; a fluorine-containing resin powder 
having thermal fusing ability is arranged on the outer peripheral surface of said end portion of 
said smali-diaircve: tubular bodies; then, them: a 1 shrinking is pr -formed for said mtcirm- 
diameter tubular body and large-diameter tubular body, and the fluorine-containing resin powder 
is heated to a temperature which allows thermal fusing; in this way, said-end portion is bonded. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a method for manufacturing an article made of a 
fluorine-containing resin having a bonding portion. 

Prior art 

For example, in the heat exchange elements in a heat exchanger and in the degassing 
elements in a degassing device for removing the gas dissolved in a solution, articles made of a 
large-diameter tubular body and multiple small-diameter tubular bodies bonded to each other are 
used. 

The method described in Japanese Kokai Patent Application No. Sho 62[1987]-21524 has 
been used for manufacturing bonded articles. In this method, multiple thermoplastic resin tubes 
are pulled out and aligned. The end portion of the aligned thermoplastic resin tubes is inserted 
into a sleeve made of the same type of material. Then, by means of heat treatment or treatment 
under the pressure difference between the inner and outer sides of the tubes, the tubes are fused 
to each other, and the tubes are fused to the sleeve in a watertight state. As said sleeve, a sleeve 
is used having a tapered conical surface portion and an expected inner diameter shrinkage under 
heat treatment for its inner surface that is arranged surrounding the tube bundle. 
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Problems to be solved by the invention 

In the aforementioned prior art, a sleeve having a conical portion should be used. 
However, such profiled sleeve cannot be manufactured easily. This is a problem. 

In order to solve the problem related to the use of said profiled sleeve, the present patent 
applicant once proposed a method for forming a bonded article (Japanese Patent Application No. 
Sho 62[1987]-218200), characterized by the following facts: a large-diameter tubular body made 
of a thermal shrinking fluorine-containing resin is inserted to enclose small-diameter tubular 
bodies made of a fluorine-containing resin and, at the same time, a heat-resistant core having an 
outer diameter nearly equal to the inner diameter of the small-diameter tubular bodies is arranged 
hi each small-diam ;ier tubular body, and a thermal fusable fluorine-containing resin powder is 
arranged in the portion between the small-diameter tubular bodies and the large-diameter tubular 
body; then, said large-diameter tubular body is thermally shrinked, and the fluorine-containing 
resin powder is heated to a temperature that allows thermal fusing, so that the tubular bodies are 
bonded to each other. 

In this method, it is possible to obtain a bonded article made of a fluorine-containing 
resin easily without using a profiled sleeve. 

However, in this method, when the number of the small-diameter tubular bodies is 
increased, gas bubbles remain in the fused portion made of fluorine-containing resin powder. As 
a result, there may be problems with respect to the bonding strength and the liquid-tightness. 

Consequently, the purpose of this invention is to further improve the aforementioned 
method by providing a type of bonded article characterized by the fact that it does not make use 
of a profiled sleeve, and no gas bubbles are formed in the welding portion. 

Means to solve the problems 

In order to solve the aforementioned problems, the present inventors have performed 
extensive research. As a result of this research work, although the reason is not yet clarified, it 
was found that by inserting a medium-diameter tubular body and a large-diameter tubular body 
in order to enclose the small-diameter tubular bodies, the aforementioned purpose can be 
realized. In this way, the present invention was reached. 

That is, this invention provides a type of bonded article made of a fluorine-containing 
resin characterized by the following facts: for at least one end portion of the multiple 
small-diameter tubular bodies, a medium-diameter tubular body and a large-diameter tubular 
body are inserted to enclose the small-diameter tubular bodies; in said end portion, said 

[small-diameter tubular bodies are bonded to each other, the small-diameter tubular bodies and 
the medium-diameter tubular body are bonded to each other, and the medium-diameter tubular 
body and the large-diameter tubular body are bonded to each other. 



4 



Also, this invention provides a method for manufacturing the bonded article of a 
% fluorine-containing resin, characterized by the following facts: for at least one end portion of the 
\ multiple small-diameter tubular bodies, a medium-diameter tubular body and a large-diameter 
/tubular body with thermal shrinking property are inserted to enclose the small-diameter tubular 
bodies; in each of said small-diameter tubular bodies, a heat-resistant core having an outer 
diameter nearly equal to the inner diameter of the small-diameter tubular body is arranged; a 
V fluorine-containing resin powder having thermal fusing ability is arranged on the outer peripheral 
I surface of said end portion of said small-diameter tubular bodies; then, thermal shrinking is 
/performed for said medium-diameter tubular body and large-diameter tubular body, and the 
fluorine-containing resin powder is heated io a temperature whhh allow s thkrrm;* it.s. ^g; i. . i*:^ 
way, said end portion is bonded. 

In the following, this invention will be explained in detail with reference to figures. In 
Figure 1, (1) represents a small-diameter tubular body made of any of the following types of 
fluorine-containing resi ns: po lytetrafluoroethylene (PTFE) , tetrafluoroethylene-perfluoroalkyl 
vinyl ether copolymei((PFA] ) tetrafluoroethylene-hexafluoropropylene copolymer ^FEP] j 
ethylene-tetrafluoroethylene copolymer (ETFE), tetrafluoroethylene-hexafluoropropylene- 
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/ perfluorovinyl ether copolymer( ^EPEj | etc. 

In the example shown in the figure, there are two small-diameter tubular bodies. 
However, there is no special limitation on the number, and there may be three or more of them. 
As a matter of fact, this invention is particularly useful for the case when there are many (for 
v example, about 80 or more) small-diameter tubular bodies. In one end portion of said 

small-diameter tubular bodies (1), medium-diameter tubular body (2) and large-diameter tubular 
body (3),^nade of a fluorine-containing resin of the same type or different typeys that of said 
small-diameter tubular bodies (1) (the thermal shrinking rates of the large-diameter tubular body 
and medium-diameter tubular body are usually in the range of 100-400%), are inserted to enclose 
the small-diameter tubular bodies. 

In each small-diameter tubular body (1), for the end portion corresponding to the 
insertion of said middle- and large-diameter tubular bodies (2) and (3), is arranged a rod-shaped 
or cylindrical heat-resistant core (4) having an outer diameter nearly equal to the inner diameter 
. of the small-diameter tubular bodies. 

I In the later heating operation, when the thermal shrinking force is applied by the 

i middle-and large-diameter tubular bodies (2) and (3) on the small-diameter tubular bodies (1), 
said core (4) should be able to inhibit deformation of said small-diameter tubular bodies (1). For 
this purpose, the core should be made of a material that does not deform at the temperature used 
in the heating operation. 
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In the heating operation, heat-resistant cores (4) act to maintain the shape of the 
small-diameter tubular bodies (1). It is preferred that their length (Di) be larger than the largest 
length (D2 or D3) of insertion of large-diameter tubular body (2) or medium-diameter tubular 
body (3) into small-diameter tubular body (1). Consequently, a core with a length equal to or 
larger than that of small-diameter tubular body (1) can be inserted into the body. Said core (3) 
may be coated with a mold release agent, such as a silicone resin, on its outer peripheral surface 
for use. 

Also, in the method of this invention, while small-diameter tubular bodies (1) are bonded 
to each other, small-diameter tubular bodies (1) and medium-diameter tubular body (2) are 
bonded 10 each other. For this purpose, fluorine-containing resin powder (5) having thermal 
fusing property is applied on the outer peripheral surface of the end portion of said 
small-diameter tubular bodies (1). Examples of the fluorine-containing resins that may be used in 
this case include PFA, FEP, ETFE, EPE, etc. The grain size of the resin is selected 
corresponding to the type of fluorine-containing resin and the heating temperature, and it is 
usually about 50 (am or smaller. Length (D4) of the region of application of said powder is 
preferably shorter than the insertion lengths (D2 and D 3 ) in consideration of the thermal fluidity 
during heating. If length (D4) is too large, the fluorine-containing resin, which is thermally fused 
during heating, flows significantly, so that it flows from the end portion of small-diameter 
^ubular bodies (1) (such as the left end portion shown in the figure) to the interior. 

Also, according to this invention, as shown in the figure, it is possible to apply fluorine- 
containing resin powder (5) on the outer peripheral surface of the end portion of medium- 
diameter tubular body (2). By means of this arrangement, it is possible to improve the bonding 
strength between medium-diameter tubular body (2) and large-diameter tubular body (3). 

According to this invention, after small-diameter tubular bodies (1), medium-diameter 
tubular body (2), large-diameter tubular body (3), heat-resistant core (4) and fluorine-containing 
resin powder (5) are arranged as mentioned previously, the system is heated. For example, 
v heating may be carried out by means of heater (6) arranged on large-diameter tubular body (3). 
I There is no special limitation on the temperature, as long as medium-diameter tubular body (2) 
/^and large-diameter tubular body (3) are subjected to thermal shrinking, and fluorine-containing 

resin powder (5) is subjected to thermal fusing (that is, the temperature should be higher than the 
.softening point, or higher than the melting point). 

\ Due to said heating, thermal shrinking takes place for the heated regions of medium- 

/diameter tubular body (2) and large-diameter tubular body (3). On the other hand, fluorine- 
containing resin powder (5) softens or melts, displaying its thermal fusing property. 
Consequently, a thermal shrinking force acts between medium-diameter tubular body (2) and 
small-diameter tubular bodies (1) and among small-diameter tubular bodies (1), while fusion 
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| bonding by the fluorine-containing resin powder (5) takes place. Also, medium-diameter tubular 
/body (2) and large-diameter tubular body (3) are bonded to each other at the end portion. 

In the above, an example of bonding at one end portion of the small-diameter tubular 
bodies has been shown. However, in this application example, it is also possible to bond at both 
end portions of the small-diameter tubular bodies, at the same time or one after the other. In the 
case of bonding at both end portions, it is also possible to use the medium-diameter tubular body 

i and/or large-diameter tubular body having the same length as that of the small-diameter tubular 
bodies. When the medium-diameter tubular body and large-diameter tubular body with such 
large lengths are used, it is possible to display a thermal shrinking property over the entire length 
■'of the tubular bodies, or only for the end portions where bonding is performed. 

Figures 2 and 3 illustrate the structure of the fluorine-containing resin bonded article in 
this invention. In this structure, multiple small-diameter tubular bodies (1) made of fluorine- 
6 containing resin have their two end portions pulled out and aligned. Then, at the two end 
portions, medium-diameter tubular body (2) and large-diameter tubular body (3) made of 
fluorine-containing resin and having a length smaller than that of small-diameter tubular bodies 
(1) are inserted to enclose the small-diameter tubular bodies. Then, at the two end portions, 
thermal fusing is performed to bond small-diameter tubular bodies (1) to each other, to bond 
small-diameter tubular body (1) with medium-diameter tubular body (2), and to bond medium- 
diameter tubular body (2) with large-diameter tubular body (3) by means of fluorine-containing 
resin (5). 

Application Example 1 

In the following, this invention will be explained in detail with reference to an application 
example. 

Application example 

100 small-diameter tubular bodies made of PTFE and having an inner diameter of 
i 0.5 mm, an outer diameter of 0.8 mm, and a length of 1 m were prepared. At one end portion of 
\ said small-diameter tubular bodies, a medium-diameter tubular body made of PTFE and having 
\ an inner diameter of 1 1 mm, an outer diameter of 12 mm, and a length of 3 cm (it has a thermal 
I shrinkage rate of 220%, and a thermal shrinking temperature at 350°C) and a large-diameter 
I tubular body made of PTFE and having an inner diameter of 14 mm, an outer diameter of 
/ 16 mm, and a length of 6 cm (it has a thermal shrinkage rate of 160% and a thermal shrinking 
* temperature at 350°C) were inserted to enclose the small-diameter tubular bodies. 

Also, inside each of said small-diameter tubular bodies, a rod-shaped iron core measuring 
0.48 mm in outer diameter and 10 cm in length was arranged. Also, PFA powder (melting point 
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305°C) with grain size of about 30 |xm was filled between the large-diameter tubular body and 
the medium-diameter tubular body, between the medium-diameter tubular body and the 
small-diameter tubular bodies, and among the small-diameter tubular bodies. Also, a heater was 
arranged on the outer side of the large-diameter tubular body. In addition, the length of the 
portion where PFA powder was arranged (D 4 ) is about 5 cm. The configuration of these 
small-diameter tubular bodies, medium-diameter tubular body, cores, PFA powder, and heater is 
the same as that in Figure 1 . 

Then, after the temperature was raised to 380°C over 10 min by heating, the heater and 
core were removed, and a PTFE bonded article was obtained. 

The structure of the bonded article obtained in this css3 is the same as that shown in 
Figure 2, In this bonded article, by means of the thermal fusing of the PFA powder, the 
small-diameter tubular bodies are bonded to each other and to the medium-diameter tubular 
body, and the medium-diameter tubular body is bonded to the large-diameter tubular body. 

The bonding portion of the bonded article was cut, and the fusion portion of PFA powder 
was visually observed. No gas bubbles were observed. 

In another test to determine the gas-tightness of the bonding portion of the bonded article, 
the opening on one end of the large-diameter tubular body was closed by a stopper, and 
compressed air at 5 kg/cm 2 was fed in from the opening on the other end, and leakage of the 
compressed air was visually observed. As a result, no leakage of air was observed. In this case, 
observation was made as the bonding portion was immersed in water. 

Effect of the invention 

In the method of the present invention, a medium-diameter tubular body and a 
large-diameter tubular body having thermal shrinking property are used. Due to the thermal 
shrinking force and the thermal fusing property of the fluorine-containing resin powder, the 
tubular bodies are bonded to each other. Consequently, even when there are many 
small-diameter tubular bodies, it is still possible to perform the bonding operation reliably and 
easily. Also, for the bonding portion of the bonded article obtained in this invention, as the 
small-diameter tubular bodies are doubly covered with the medium-diameter tubular body and 
the large-diameter tubular body, the strength is high, and the durability is good. 

Brief description of the figures 

Figure 1 is a cross-sectional view of a portion illustrating a manufacturing method of the 
fluorine-containing-resin bonded article pertaining to this invention. Figures 2 and 3 are a front 
view and side view illustrating an example of the bonded article of this invention. 



Small-diameter tubular body 
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Figure 3 

Key: 1 Small-diameter tubular body 

2 Medium-diameters tubular body 

3 Large-diameter tubular body 

4 Heat-resistant core 

5 Fluorine-containing resin 



